Abstract Patients with diabetes mellitus (DM) are prone to a diffuse and rapidly progressive form of atherosclerosis, which increases their likelihood of requiring revascularization. However, the unique pathophysiology of atherosclerosis in patients with DM modifies the response to arterial injury, with profound clinical consequences for patients undergoing percutaneous coronary intervention (PCI). Multiple studies have shown that DM is a strong risk factor for restenosis following successful balloon angioplasty or coronary stenting, with greater need for repeat revascularization and inferior clinical outcomes. Early data suggest that drug eluting stents reduce restenosis rates and the need for repeat revascularization irrespective of the diabetic state and with no significant reduction in hard clinical endpoints such as myocardial infarction and mortality. For many patients with 1-or 2-vessel coronary artery disease, there is little prognostic benefit from any intervention over optimal medical therapy. PCI with drug-eluting or bare metal stents is appropriate for patients who remain symptomatic with medical therapy. However, selection of the optimal myocardial revascularization strategy for patients with DM and multivessel coronary artery disease is crucial. Randomized trials comparing multivessel PCI with balloon angioplasty or bare metal stents to coronary artery bypass grafting (CABG) consistently demonstrated the superiority of CABG in patients with treated DM. In the setting of diabetes CABG had greater survival, fewer recurrent infarctions or need for re-intervention. Limited data suggests that CABG is superior to multivessel PCI even when drug-eluting stents are used. Several ongoing randomized trials are evaluating the long-term comparative efficacy of PCI with drug-eluting stents and CABG in patients with DM. Only further study will continue to unravel the mechanisms at play and optimal therapy in the face of the profoundly virulent atherosclerotic potential that accompanies diabetes mellitus.
Introduction
Diabetes mellitus (DM) is associated with a 2 to 4-fold increased risk of coronary artery disease, and ischemic coronary artery disease is responsible for three-quarters of diabetes-related deaths [1] . The adverse macrovascular consequences of DM are well recognized, as is the accompanying accelerated rate of atherosclerosis that predisposes patients to occlusive coronary artery disease, myocardial infarction and death. Patients with DM are prone to a diffuse and rapidly progressive form of atherosclerosis, which increases their likelihood of requiring revascularization [1, 6] . In the United States, approximately one third of all percutaneous coronary intervention (PCI) procedures are performed on patients with DM. As the prevalence of DM increases, the number of patients with diabetes requiring revascularization for advanced coronary artery disease will escalate. The unique pathophysiology of atherosclerosis in DM modifies the response to arterial injury, with profound clinical consequences to patients with diabetes undergoing PCI. Although there has been considerable improvement in the management of patients with coronary artery disease, coronary event rates remain heightened [2, 3] , and mortality greater among patients with diabetes [4, 5] .
Selection of the optimal myocardial revascularization strategy for patients with diabetes and multivessel coronary artery disease (CAD) is crucial to improving the outcome of these high-risk patients. The following review summarizes current evidence regarding the effectiveness of various revascularization methods in patients with diabetes.
2 Balloon angioplasty and bare metal stents
Procedure-related and in-hospital outcomes
The patient with diabetes presents challenges to all revascularization procedures and the technology is itself slower to adapt and optimize. At least three epochs can be defined in interventional approaches to coronary disease-early, mid and modern. The earliest tracking of patient well-being soon after the advent of angioplasty revealed the unique biology of diabetic vascular disease [7] [8] [9] [10] . Kip and associates described the short-and long-term outcomes of percutaneous transluminal coronary angioplasty (PTCA) in 2114 consecutive patients including 281 patients with diabetes from the National Heart Lung and Blood Institute (NHLBI) 1985 to 1986 Registry [7] . There was then no difference in rates of procedural angiographic success and completeness of revascularization. However, combined in-hospital complication including death, myocardial infarction, and need for emergency surgery were almost two-fold higher, and inhospital death was more than 6-fold more prevalent in patients with DM [7] . In the middle period of interventional approaches, the differences in patients with and without diabetes fell as the technology of interventional cardiology progressed even as sicker patients were intervened upon. Angiographic success was achieved more frequently in patients with diabetes in the 1997-2001 NHLBI Dynamic Registry, where stenting was used in nearly 90% of patients. Whereas procedures were successful in 77% of patients with diabetes in the 1985-1986 cohort, success increased to 96% in the four years that followed. Abrupt closure fell more than two-fold from 2.2% to 0.9%, and the hard end points were all similarly reduced, including inhospital mortality (1.9% vs. 4.3%), myocardial infarction (1.0% vs. 7.4%), and in-hospital CABG surgery (0.8% vs. 6.2%) [11] .
The refinement of interventional technology has propelled us into a third epoch, the late or modern period. Methodological and technical advances have solved many of the hurdles that had limited initial success. Yet, even in the face of similar procedural success and procedural related complications, in-hospital mortality amongst patients with diabetes was far higher than all others undergoing coronary stenting [12] . Patients with diabetes tolerate multivessel intervention and acute ischemic complications of angioplasty poorly [13] .
Repeat revascularization and long-term outcome
The incidence of restenosis, the need to reintervene after angioplasty, has dropped significantly with the progression of interventional methods and technology except in the face of DM. Numerous studies have shown that patients with diabetes experience a greater need for repeat revascularization after intervention, and much of the difference in the interventional risk associated with DM occurs within the first 6 months, corresponding to the period in which restenosis is most active. The initial report from the 1985 NHLBI Angioplasty Registry indicated that the angiographic restenosis rate in patients with diabetes was 47%, as compared to 32% in patients without diabetes [14] . In the ensuing 25 years restenosis rates have spanned to an even higher 71% when DM is present [15] [16] [17] [18] . In a study of 485 consecutive patients with DM undergoing balloon angioplasty without stenting, at least one vessel with restenosis was found in 68% of patients [19] . Even with stents, patients with diabetes have higher restenosis rates compared with patients without diabetes [20] [21] [22] , and greater need for repeat revascularization. Data from 5 studies with over 4800 patients document the increased angiographic restenosis rates in patients with diabetes with an absolute overall 10% difference between patients with and without the disease [23] .
The restenotic process is more virulent in patients with diabetes-more often leading to total vessel occlusion after coronary stenting [24] [25] [26] , and resulting in myocardial infarction, reduced left ventricular function, heart failure [19] and long-term mortality [7, 9, 23, 25] . In a consecutive series of patients with successful stent placement (715 with DM and 2,839 without DM), the 1-year cardiac mortality rate was almost twice as high in patients with diabetes (5.7 vs. 2.9%, p<0.001). The incidence of the composite endpoint of cardiac death and nonfatal myocardial infarction was significantly and commensurately higher as well (8.0 vs. 4.6%) [25] .
Since the earliest reports of differences in the DM population question has been raised as to whether these differences reflect an extreme of the biologic processes that affect all patients or a different set of pathologic events all together. The clinical manifestations are different and may be part of the diabetic process. The defective anginal warning system (DAWS) the plagues patients with diabetes and ischemic heart disease may be evident here as well, as many of restenotic events were clinically silent, with no angina in 36% and stable angina in 33% of patients. Progression of native disease is far more prevalent in patients with diabetes as the majority of angioplasty procedures performed more than 1 year after the index intervention are at a site different from the initially treated lesion. Patients with diabetes require more frequent revascularization with either surgery or angioplasty after the first year of the initial angioplasty, indicating that patients with diabetes are more prone to progression of coronary disease [9] .
Restenosis in patients with diabetes
A large number of clinical, anatomical, and procedural variables have been associated with restenosis in various studies. Patient-related variables include demographics, concomitant medical diseases, serologic markers, and genetic polymorphism. However, the most consistent patient-related risk factors associated with restenosis is DM [27] . In a pooled analysis of several major stent trials, Cutlip et al. found DM to be the strongest clinical predictor for restenosis, with an almost 50% increased risk for target lesion revascularization at one-year follow-up [28] . In a series of patients enrolled in 16 PCI studies with 6-months angiographic follow-up, 31.1% of patients with diabetes developed restenosis. Smaller vessel reference diameter before the procedure and greater stented length of the vessel were independent predictors of restenosis in patients with diabetes [29] . The higher risk for restenosis exists in patients with diabetes throughout the vessel size range [25] .
Mechanisms of restenosis in diabetes mellitus
Restenosis is a characteristic response to mechanical vessel injury. Endothelial denudation and dysfunction enables and promotes local thrombosis, superficial and then deep inflammation, which trigger smooth muscle cell proliferation [30, 31] , and eventually matrix remodeling and extracellular matrix deposition. Each of these events can be exacerbated by hyperglycemia, hyperinsulinemia, insulin [32, 33] or frank diabetes [34] . Hyperglycemia promotes inflammation [35, 36] , induces the production of growth factors that promote restenosis [27] and increases matrix gene transcriptions [37] . Advanced glycosylation end products (AGEs) accumulate in vascular tissues with normal aging and at an accelerated rate in DM. AGE formation is accelerated in correlation with glucose concentration and time of exposure to hyperglycemia. AGEs interact with specific receptors (RAGE) present on all cells relevant to the restenosis process including inflammatory cells and smooth muscle cells. AGEs-RAGE interaction in vessel wall may lead to inflammation, smooth muscle cell proliferation, and extracellular matrix production, culminating in exaggerated intimal hyperplasia and restenosis [27, 34] . Enhanced intimal proliferation was found in patients with diabetes at the site of angioplasty-induced arterial injury, particularly in restenotic lesions [38] . Animal models of restenosis implicate RAGE in promoting the mononuclear phagocytes and smooth muscle cell response to arterial injury [39, 40] .
Corpus et al. [41] assessed the effect of glycemic control on target vessel revascularization at the time of coronary intervention in 179 patients with diabetes as compared with 60 controls. Patients who had optimal diabetic control, defined as HbA1C≤7%, had a target vessel revascularization rate of 15%, compared with 34% among counterparts with an HbA1C >7%. By multivariate analysis, poor glycemic control, HbA1C >7%, was a major independent predictor for target vessel revascularization with an odds ratio of 2.87. Similar repeat revascularization rates were observed among patients with diabetes and optimal glycemic control and patients without diabetes.
Insulin has several biological actions, which may be related to the process of restenosis. Insulin can potentiate proliferation and migration of smooth muscle cells, most likely through the action of insulin-like growth factor [42] or other stimulatory factors. There are suggestive data in humans that insulin-resistance is associated with restenosis among patients without diabetes [43] [44] [45] .
The risk of restenosis may also be dictated by the antidiabetic drugs used. Thiazolidinediones (TZDs) are antidiabetic agents that increase insulin sensitivity and are currently used to treat patients with type 2 DM. Beyond their metabolic action, TZDs exhibit anti-inflammatory and anti-atherogenic effects in vascular cells in vitro and limit lesion development in various animal models of arteriosclerosis. Several studies have shown that TZD treatment reduces restenosis and neointima formation after coronary stenting in patients with type 2 DM [46, 47] and in patients without diabetes [48] , independent on the glucose-lowering properties of these agents.
Drug eluting stents

Angiographic outcome
Drug-eluting stents (DES) reduce angiographic restenosis and need for repeat revascularization procedures amongst all patients. The benefit in diabetes appears to be similar. Initial results from subgroup analysis of patients with diabetes from a number of randomized controlled trials (including the SIRIUS and TAXUS IV) have been encouraging, demonstrating significant reductions in rates of restenosis, TLR and/or MACE in patients receiving a DES [49, 50] . Sirolimus-eluting stents (SES) reduced the relative incidence of in-lesion angiographic restenosis from 59.5% to 17.6% in patients with DM (65% reduction) and from 30.7% to 6.1% in patients without DM (80% reduction) [51] . In both patients with and without DM, SES transformed restenosis from a diffuse to a focal pattern. However, the absolute late loss and restenosis remain higher in patients with DM receiving SES, and DM remained an independent predictor of TLR (OR 1.65, p=0.03). Furthermore, in insulin-requiring patients, the angiographic insegment restenosis rate was 35% in the SES arm and 50% in the BMS arm [51] . Similarly, in the small (n=160) DIABETES Trial, target-lesion revascularization at 9-months was significantly lower in the SES group as compared with the BMS group (6.3% versus 31.3%) [52] . The TAXUS-IV randomized trial compared paclitaxel-eluting stents (PES), to their bare-metal counterpart. PES reduced the rate of 9-month binary angiographic restenosis (i.e. >50% diameter stenosis of treated segment at follow-up) by 81% (6.4% vs. 34.5%), and 12-month rates of target lesion revascularization by 65% (7.4% vs. 20.9%). Moreover, diffuse in-stent restenosis was reduced by more than 90% in patients with DM receiving the paclitaxel-eluting stent, such that when angiographic restenosis did occur, it was predominantly focal in nature [53] .
As restenosis was the major limitation of BMS use in patients with diabetes, DES are considered by many to be the standard of care for patients with diabetes undergoing stent placement. However, the most complex patients with DM (e.g. those with multivessel and diffuse disease) were excluded from enrollment in the DES trials, and only future studies will confirm if the effects of DES are lasting in diabetes.
Clinical outcome with DES
Although the magnitude of restenosis reduction achieved with DES is impressive, it is important to recognize that these trials mandated an angiographic follow-up. Revascularization was therefore driven not only by clinical necessity but also by the angiographic appearance of narrowing within the treated segment even in patients who did not have documented ischemia [54] . Although DES are effective in reducing the need for repeat revascularization, most of the current information has been obtained by studying selected patient populations in selected medical centers. In real world practice, the benefit of DES in patients with DM might be less impressive [55] . For example, in the Swedish Coronary Angiography and Angioplasty Registry, the numbers needed to treat patients with diabetes with DES to avoid one additional restenosis per year with BMS ranged from 21 to 47 lesions in patients treated with one stent and 11 to 27 in patients with multiple stents [56] .
Equally critical is to consider is whether a reduction in restenosis will result in improvement in the hard end points of myocardial infarction and death, which are considerably higher in patients with diabetes. As several randomized trials and meta-analyses [57] [58] [59] have shown no significant reduction in rates of death and myocardial infarction with DES, as compared with BMS, it seems unlikely that greater use of DES in the diabetic population can meaningfully alter the outcome of these patients.
A collaborative network meta-analysis of 35 trials including 3852 patients with DM and 10,947 patients without DM demonstrated that compared with BMS, TLR rates are strongly decreased by use of SES and PES in patients with DM. It was determined that only 6 patients with diabetes would need to be treated before one revascularization event would be circumvented in the four years after intervention, in contrast to the 8 needed in patients without DM [60] . However, in trials with dual anti-platelet therapy (DAT) with aspirin and a thienopyridine for less than six months, the risk of death associated with SES in patients with diabetes was more than twice the risk associated with BMS. These results imply that one death will arise over four years for every seven with intervention. Conversely, trials with dual anti-platelet therapy for six months or more showed no increase in risk from using SES compared with BMS [60] . The duration of DAT modified the safety profile of drug eluting stents mainly in patients with DM. In an analysis of patients with diabetes in the Swedish Coronary Angiography and Angioplasty Registry, DES significantly reduced restenosis to half the rate seen with BMS. However, there was no difference in the combined outcome of death or myocardial infarction in patients with diabetes treated with DES (n=4754) or BMS (n=4956) with up to 4 years of follow-up [56] .
Comparison between different types of drug eluting stents
The ISAR-DIABETES trial compared SES and PES in patients with diabetes. PES were associated with a higher rate of in-segment late luminal loss as well as an increased risk of angiographic restenosis. However, the study was not powered to demonstrate clinically important differences between the two groups [61] . Jensen et al. performed a randomized multicentre IVUS study comparing neointimal hyperplasia formation and distribution within stents in patients with diabetes treated SES and PES [62] . The neointimal response differed between patients treated with SES and PES as the latter generated greater and more diffuse neointimal hyperplasia than the former. Although angiographic late loss might differ from one DES to another, it is still unknown whether this surrogate end point will translate into a clinical end point of efficacy such as restenosis [55] .
Stent thrombosis after DES implantation
The possibility of increased rates of stent thrombosis (ST) after DES has been a matter of concern and can be particularly pertinent to patients with diabetes. ST is classified based on the time of the adverse event relative to the index procedure. Early ST refers to the first 30 days after stent implantation and is further stratified into acute (<24 hours) and subacute (24 h to 30 days). Late ST defines the time interval between 1 month and 1 year after stent implantation; very late ST includes any event beyond 1 year [63] . After DES implantation, late ST occurs at a relatively constant rate over time up to at least 4 years after stent implantation [64] . Delayed healing and impaired endothelialization (i.e., incomplete endothelial coverage of stent vascular segments associated with persistence of fibrin deposits) are common features of late and very late ST, and combine with chronic inflammation and hypersensitivity reactions to promote local clot [65] . Increased inflammation, hypersensitivity, and outward remodeling might prolong the window of vulnerability to stent thrombosis and at all times [63, 66] . The definitive diagnosis of ST requires either angiographic or postmortem evidence of thrombotic stent occlusion. Probable ST encompasses any unexplained death within 30 days of stent implantation or any myocardial infarction in the territory of the implanted stent regardless of time [67] . Though ST is multifactorial [63] several studies confirmed higher rates in patients with diabetes especially for patients on insulin therapy [68] [69] [70] .
In the Acute Catheterization and Urgent Intervention Triage Strategy (ACUITY) trial, insulin-requiring DM was a significant independent predictor of definite or probable ST occurring within 30 days (odds ratio, 2.35; 95% CI, 1.36 to 4.07) [71] . In the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition With Prasugrel-Thrombolysis in Myocardial Infarction 38 (TRI-TON-TIMI 38), patients with DM and acute coronary syndrome (n=3146) had a two fold higher rate of stent thrombosis than those without DM (2.8% versus 1.4%), with highest rates among subjects treated with insulin (3.7%) [72] . In a large 2-Institutional Cohort Study of 8,146 patients who underwent percutaneous coronary intervention with a SES (n=3,823) or PES (n=4,323) and were followed up to 4 years after stent implantation, DM was an independent predictor of overall, early, and late definite ST [73] , and the only predictor of early ST. Similarly, in the Swedish Coronary Angiography and Angioplasty Registry (n=73 798 DES and BMS), insulin-treated DM was an independent predictor of ST (1.8-fold increase) [74] . Finally, in the e-Cypher registry (n=15157), insulin-dependent DM was an independent predictor of ST at 1-year (2.8-fold risk increase) [68] .
The increased risk of patients with diabetes for ST might be related to the more diffuse nature of atherosclerosis, accompanied by longer lesion lengths, smaller vessel size, and greater plaque burden, which might impose less optimal procedural results. Previous studies have identified both vessel size and lesion length as predictors of stent thrombosis [64] , which may explain in part the predisposition of people with DM to this adverse event in the absence of adequate anti-platelet therapy. Additionally, the detrimental effects of DM on endothelial function [75] and platelet function [76] may also promote the development of ST. Further analyses are needed to assess the optimal duration of dual anti-platelet therapy after implantation of a DES, particularly in the diabetic population. However, because patients with diabetes appear to be at higher risk for ST, longer use of dual anti-platelet therapy beyond 1 year may is reasonable [77] , and any cessation of antiplatelet therapy should be avoided.
When other medical procedures requiring interruption of aspirin and clopidogrel are scheduled, stent thrombosis becomes a matter of concern. Until more data are available, physicians should be aware of the potentially high risk of stent thrombosis when interrupting anti-platelet agent regimens in patients with DM, particularly if other risk factors for ST are present (e.g. renal insufficiency, bifurcation lesions) [55] . Thus, given the importance of a 1-year course of dual anti-platelet therapy, it is recommended that elective surgery be postponed for 1 year [77] , and among those patients for whom surgery cannot be deferred, aspirin therapy should be considered during the perioperative period.
Multivessel angioplasty vs. CABG
CABG versus PTCA
The Bypass Angioplasty Revascularization Investigation (BARI) study enrolled 1829 patients with angiographicallydocumented multivessel CAD and either clinically severe angina or objective evidence of marked myocardial ischemia requiring revascularization. At 5-years there was a near doubling of mortality among patients with diabetes on insulin or oral hypoglycemic therapy assigned to multivessel angioplasty compared with those assigned to surgery (35% vs. 19%). In contrast, mortality was an identical 9% in both revascularization strategies if no drugs were required to control the diabetic state [78] . The 5.4-year cardiac mortality was 3.5-fold higher in the PTCA group (20.6 % vs. 5.8%) [10] . The survival benefit of CABG was limited to the 81% of patients with diabetes receiving an internal mammary graft. Cardiac mortality was 2.9% when an internal mammary graft were used and rose 6-fold to 18.2% when only vein grafts were employed. The latter rate was similar to patients receiving PTCA (20.6%) [10] . The BARI investigators recently reported that the survival benefit of CABG persisted at 10 years [79] . The 10-year survival in the overall study population was 71.0% for PTCA and 73.5% for CABG. However, in the subgroup with treated DM, patients randomized to CABG had higher survival than those randomized to PTCA (PTCA 45.5% vs. CABG 57.8%, P=0.025). Today these results pose a virtual black-box warning pushing clinicians to propose CABG for patients with diabetes and multi-vessel disease.
The results of other randomized trials comparing multivessel angioplasty to CABG are consistent with the BARI findings. Long-term follow-up of patients participating in the Emory Angioplasty versus Surgery Trial (EAST) demonstrated an improved survival in patients with diabetes randomized to CABG (75.5% vs. 60.1% with PTCA at 8 years). The angioplasty patients with DM had a worse survival than patients without DM by eight years (without 82.6%, and with DM 60.1%) [80] .
CABG versus PCI with stents
The BARI trial provided important insights that increased our understanding of the benefit of revascularization techniques in DM. However, the initial cardiac revascularization procedures in BARI were performed between 1988 and 1991, before the introduction of coronary stents and other technical refinements in angioplasty and surgery. The Arterial Revascularization Therapy Study (ARTS) compared stenting and CABG for the treatment of patients with multivessel coronary disease. Patients with diabetes treated with stenting had reduced event-free survival at 1 year as compared with those treated with CABG (63% vs. 84%, P<0.001) and compared with patients without diabetes treated with stents (76%, P=0.04); differences were driven primarily by an increased need for repeat revascularization [81] . At 5-years, the major adverse cardiac and cerebrovascular events (MACCE) in patients with diabetes treated with stents was 55%, versus 39% in those without diabetes, again largely attributable to the higher rate of repeat revascularization (43% vs. 28%). Conversely, there was no significant difference in the five-year MACCE rate between patients with and without diabetes treated with CABG (25% vs. 21%) [82] .
The incidence of 5-year mortality in patients with DM assigned to multivessel stenting was 5.1% higher (13.4% compared with 8.3% in the surgical group), although the study was not powered to show mortality differences between patients with and without diabetes. Within the stent group, patients with diabetes had a significantly higher mortality rate than patients without diabetes (13.4% vs. 6.8%). The SYNTAX (SYNergy Between PCI With TAXus and Cardiac Surgery) study was the first to compare coronary artery bypass graft surgery (CABG) and the TAXUS Express PES in patients with and without diabetes and with complex left main and/or 3-vessel disease (452 with medically treated DM; 71% were treated for 3-vessel disease and 29% for left main disease). In patients with diabetes, the 1-year composite MACCE rate was significantly higher after PES treatment compared with CABG treatment (RR 1.83) . The relative risk of repeat revascularization of PES over CABG was 3.18 in patients with diabetes compared with 1.94 in patients without diabetes [83] . Compared with CABG, mortality was higher after PES use for patients with diabetes with highly complex lesions (4.1% vs. 13.5%). Revascularization with PES resulted in higher repeat revascularization for both patients without diabetes (5.7% vs. 11.1%) and patients with diabetes (6.4% vs. 20.3%) [83] . Importantly, follow-up at 1 year may not yet reflect the true long-term differences between CABG and PES treatments of patients with diabetes because previous reports demonstrated reduced long-term mortality in CABG compared with PCI [79, 84] .
Hlatky and colleagues recently analyzed pooled individual patient data from 10 randomized trials comparing the effectiveness of CABG with PCI (n=7812). During a median follow-up of 5.9 years, mortality in patients with diabetes (CABG, n=615; PCI, n=618) was 30% lower in the CABG group than in the PCI group. In contrast, mortality was similar between groups in patients without DM. The beneficial effect of CABG compared with PCI on survival did not differ between balloon angioplasty (n=6) and bare-metal stent (n=4) trials [84] .
The CARDia (Coronary Artery Revascularization in Diabetes) trial enrolled patients with diabetes with either multivessel CAD or complex single-vessel CAD (ostial or proximal left anterior descending artery disease) in whom coronary revascularization was recommended on clinical grounds. Patients were randomized only if an experienced interventional cardiologist and cardiac surgeon agreed that there was reasonable equipoise in the risks and benefits of PCI and CABG. The primary end point was a composite of death, MI, and stroke assessed at 1 year after randomization with a major secondary end point of the composite of the primary outcome and repeat revascularization. The primary comparison used a noninferiority method with the upper boundary of the 95% CI not to exceed 1.3 to declare PCI noninferior. The study enrolled 510 patients with diabetes, with 69% of patients in the PCI arm receiving SES. The combined rate of death, MI, and stroke in the CABG group was 10.5% compared with 13.0% in the PCI group (HR: 1.25, 95% CI: 0.75-2.09). Thus, the noninferiority margin of 1.3 was exceeded by the upper limit of the CI for the primary end point, indicating that the study results could not demonstrate that PCI is noninferior to CABG. The rates of death, MI, stroke, or repeat revascularization were 11.3% and 19.3% in the CABG and PCI groups, respectively [85] .
Revascularization versus medical therapy
The Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI-2D) trial tested the hypothesis that in patients with both DM and stable coronary disease, prompt revascularization, surgical or catheter-based, would reduce long-term rates of death and cardiovascular events as compared with medical therapy alone. A second hypothesis, that insulin sensitization would be superior to insulin provision will not be discussed here. Coronary artery disease was documented on angiography (≥50% stenosis of a major epicardial coronary artery associated with a positive stress test or ≥70% stenosis of a major epicardial coronary artery and classic angina) before randomization. All patients had to be appropriate candidates for both elective PCI or CABG. Patients were randomized to undergo either prompt coronary revascularization or medical therapy. The appropriate method of revascularization for each patient (PCI or CABG) was determined a priori by the responsible physician. Approximately one third of patients in the PCI stratum who were assigned to undergo revascularization received a drug eluting stent. The primary end point was death from any cause, and the secondary end point was a composite of death, myocardial infarction, or stroke.
The rates of death from any cause did not differ significantly between the revascularization group and the medical-therapy group. The 5-year survival rate was 88% among patients in the revascularization and medical-therapy groups, with no statistical difference in rates of major cardiovascular events or death. The initial selection process of patients for the CABG stratum resulted in a population of patients with a much greater atherosclerotic burden and more lesions than in the PCI stratum. These patients had more 3-vessel disease (52% versus 20%), more total occlusions (61% versus 32%), more proximal left anterior descending stenosis ≥50% (19% versus 10%), a greater number of nonobstructive and obstructive atherosclerotic and class C lesions [86] . Prompt revascularization significantly reduced major cardiovascular events, as compared with intensive medical therapy, among patients who were selected to undergo CABG largely because of a reduction in MI events, but not among those who were selected to undergo PCI (P=0.002 for the interaction between studygroup assignment and intended method of revascularization) [86, 87] . Of the patients who were assigned to receive medical therapy, 42% had changes in their clinical course that led to coronary revascularization during the 5 years of follow up. The COURAGE (Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation) trial also showed that percutaneous intervention with optimal medical therapy was no better than optimal medical therapy alone for patients with stable CAD in general and for a subgroup of patients with DM (34% of patients enrolled) [88] .
Explaining the mortality benefit of CABG
The BARI investigators have identified two mechanisms for the protective effect of CABG in DM. First, there appears to be a strong protective effect with respect to survival in the group of patients with diabetes who sustained a myocardial infarction. The striking reduction in the risk of death after spontaneous Q-wave myocardial infarction in the patients with DM (relative risk, 0.09; 95 percent confidence interval, 0.03-0.29) accounted for about 50% of the overall reduction in mortality attributable to CABG. Second, there was a moderate but constant reduction in mortality throughout follow-up that occurred in the majority of patients with diabetes who remained free of myocardial infarction. These protective effects of CABG may be related to the increased restenosis rates following angioplasty in DM and incomplete revascularization associated with multivessel angioplasty [89, 90] . In the BARI study population, 3.1 grafts were placed per patient undergoing CABG, whereas the mean number of successfully treated lesions in the PTCA group was 2.0 [10] . Together with the high restenosis rate among patients with diabetes, it is likely that a higher proportion of the myocardium remains unprotected and unrevascularized in patients with DM, and a greater proportion of the myocardium becomes ischemic during an acute spontaneous myocardial infarction. The impact of incomplete revascularization may be even more severe owing to new arterial narrowings and coronary artery disease progression [91] , more diffuse and distal coronary disease and microcirculatory dysfunction in DM.
The amount of jeopardized myocardium decreases initially following revascularization and increases subsequently with target lesion restenosis, graft failure, or the development of new narrowings in native vessels. Followup angiographic analysis of the BARI patients at years 1 and 5 revealed that the total percentage of jeopardized myocardium, defined as the overall percentage of the coronary perfusion territory compromised by stenoses ≥50%, was higher in patients with diabetes [92] . The mean percentage increase in total jeopardized myocardium was significantly greater in patients with diabetes compared with patients without diabetes at 1-year protocol-directed angiography (42% versus 24%) and on the first clinically performed (unscheduled) angiogram within 30 months (63% versus 50%) but not at 5-year protocol-directed angiography (34% versus 26%). In contrast, among CABG patients, DM was not associated with an increase in jeopardized myocardium at any angiographic follow-up interval. In this context, DM does not seem to affect the patency of internal mammary grafts, or the accelerated atherosclerotic process that characterizes vein grafts [93, 94] . The lower rate of nonfatal myocardial infarction with surgical revascularization observed in BARI-2D [87] is consistent with the hypothesis that, bypass grafts to the mid-coronary vessel treat the culprit lesion and prophylaxes against new proximal disease, progression of proximal narrowing or plaque rupture occurring proximal to a patent graft insertion. Proximal coronary arterial stents, bare metal and drug-eluting, cannot protect against new disease.
Approach to coronary revascularization in patients with diabetes
Efforts to prevent myocardial infarction and improve longterm survival in patients with diabetes with established CAD should focus primarily on reducing the incidence of acute thrombotic events and the development of ventricular dysfunction. The BARI 2D trial demonstrated that for many patients with DM and CAD, optimal medical therapy rather Fig. 1 Revascularization strategy in patients with diabetes with stable angina than any intervention is an excellent first-line strategy, particularly for those with less severe disease. Revascularization can be applied later if drug therapy does not adequately control symptoms without incurring an increased risk of MI or cardiac death [86, 95] . For patients with diabetes with less severe CAD, single-vessel or twovessel CAD not involving the proximal left anterior descending artery and normal left ventricular function, there is little prognostic benefit from any intervention over optimum medical therapy. In such patients who require intervention after optimization of medical therapy there is no obvious survival advantage for either PCI or CABG, but there is a significantly higher risk of repeat revascularizations with PCI. Although DES reduce restenosis in comparison with bare-metal stents in patients with diabetes [60] , DES studies have consistently shown higher repeat revascularization rates after PCI compared with surgical revascularization [83, 96] . Notwithstanding, PCI with DES or BMS is a reasonable approach in these patients (Fig. 1) .
The effectiveness of PCI for treated patients with diabetes with asymptomatic ischemia or CCS class I or II angina who have 2-or 3-vessel CAD with significant proximal LAD who are otherwise eligible for CABG is not well established [97, 98] . CABG is superior in terms of survival, recurrent infarctions and freedom from reintervention for patients with treated DM with moderate to severe symptoms and multivessel CAD in the setting of significant proximal left anterior descending artery involvement, and patients with diabetes with a significant stenosis (≥50%) of the left main coronary artery, [86, 95, 97] (Fig. 1) . However, the clinician's judgment on the revascularization strategy remains an important factor.
The clinical management of patients with diabetes and asymptomatic CAD in the face of silent ischemia and the value of coronary revascularization are not clear. Revascularization has not proven beneficial at reducing mortality or major cardiac events for patients with asymptomatic or stable CAD. Indeed, there can be no benefit from relief of angina in asymptomatic patients. Furthermore, in the Detection of Ischemia in Asymptomatic Diabetics (DIAD) study, a prospective randomized trial evaluating outcomes after screening for asymptomatic CAD in type 2 patients with diabetes, cardiac event rates were not significantly reduced by myocardial perfusion imaging screening for myocardial ischemia over 4.8 years [99] . Even moderate or large defects had a cardiac event rate of 2.4% per year and a positive predictive value of just 12% for cardiac events. Finally, the results of on-going randomized trials including FREEDOM [100] and long-term results of the SYNTAX and CARDia trials are awaited to inform us on the longterm comparative efficacy of PCI with DES and CABG in patients with DM.
Summary
Insulin therapy converted the acute devastating process that is diabetes mellitus into a chronic disease. Vicissitudes of glucose levels and insulin exposure expose vascular tissues to extremes that exaggerate potent injurious signals and impede repair. The patient with diabetes and CAD is confronted with multiple risks, challenges, and issues as yet unresolved. Angioplasty is less well tolerated and less definitive in patients with diabetes, and full-blown bypass grafting is likely superior to balloon and stent intervention in the face of multi-vessel disease. The benefit and risk of DES in patients with diabetes is not fully defined but likely similarly presents evidence of a potential safety concern. Future studies will define more rigorously the interplay of diabetes mellitus, control of disease and choice of intervention and therapy. Time and scientific investigation will determine if diabetes represents an extreme form of the normal response to vascular intervention or a unique set of processes of its own. For now we must be satisfied in more assiduous control of the endocrinologic abnormalities and more precise vascular intervention.
